Summary 500 mmol L -1 NaCI, whereas it had a significantly lower IC5o of 400 f!mol L -1 in 100 mmol L -1 NaCI. Pentobarbital caused a significant shift of steady-state activation to hyperpolarized potentials (fmax = -42 mV, IC50=2mmo1L -1). This effect was independent of NaCI concentration.
The fractional open time (fo) is characterized by the steady-state mid-point potential (Va, the potential at which the channel is open 50% of the maximal fraction fmax)' and a valence of the effective gating charge (za), related to the slope of the sigmoidal curve (Fig.1b ) (V;= membrane potential, F;= Faraday constant, R;= gas constant, T;= absolute temperature). After the control recording period, pentobarbital was added from an ethanol stock solution to the aqueous compartment facing either the extracellular or the intracellular side of the channel. Pentobarbital block (Bloc~PTBJ was calculated according to:
where g[PTBJ is the time-averaged conductance in the presence of pentobarbital and g [control] is the time- [10]. Pentobarbital caused shifts of the mid-point potentials of the activation curves. Concentration response curves of both chann~ls are very similar, only the ICso is different (500 mmol L -1 NaCI). Data were fitted with rectangular hyperbolae (for details see Table 1 ).
Even with the sodium channel activator batrachotoxin present, incorporation of single channels into the lipid bilayer are rare events under our experimental conditions. Out of 100 experiments (each yielding a total recording time from several membranes of 245-512 min) 49 experiments showed incorporation of sodium channels. In some experiments incorporation of additional channels (16) or unstable background conditions (10) led to an exclusion from the study, in 13 experiments the lipid membranes broke during the repeated administration of drugs. Therefore, only the 10 remaining experiments in which a single channel was successfully exposed to pentobarbital were included in this study. However, 10 additional experiments were added to the control data. These channels could be clearly identified as sodium channels as they were sodium selective and blockable by tetrodotoxin, a sodium channel specific inhibitor. In addition, they had a comparatively low tetrodotoxin sensitivity, characteristic of the cardiac origin of the sodium channels [2] . After the addition of pentobarbital (Fig.2b-d ( Fig.3b, open symbols) ; the Hill coefficient was 1.0.
Under the influence of pentobarbital the channel current-voltage relationship stayed symmetrical, the single channel conductance was unchanged (24.7 pS, symmetrical 500 mmol L -1 NaCI solutions; see Fig. 3a ).
Reduction of NaCI concentration from symmetrical 500 mmol L -1 to symmetrical 100 mmol L -1 resulted in a reduction In single channel conductance. Single ('flickering'). This flicker became too rapid for full resolution. Therefore, this effect was quantified by averaging the current over time (Fig.3a) ; from these data the fractional open times were calculated. Pentobarbital induced"a block of the channels, which was concentration-dependent and independent of membrane potential between -45 mV and +45 mV. The data were fitted to a rectangular hyperbola and an ICso value of 690).lmol L -1 was estimated, with maximal suppression of 100% (Fig. 3b, filled symbols) ; the Hill coefficient was 1.2.
After addition of pentobarbital ( Fig.2b-d closed at a potential more negative than -120 mV (Fig. 4a) Membrane potential (mV) 
Steady-state activation
The human cardiac sodium channels examined here have the qualitative biophysical characteristics expected for batrachotoxin-modified sodium channels in planar lipid bilayers, but they differ in several physiological and pharmacological properties from human brain sodium channels. Cardiac sodium channels gate at more negative membrane potentials, they spend more time in the closed state and they are considerably less sensitive to tetrodotoxin. These differences must result from the molecular structure of the sodium channels themselves because they were compared within identical membranes under identical experimental conditions, an advantage of the planar lipid bilayer technique. In addition, this technique allows the observation of the steady-state properties of human sodium channels for hours without functional degradation [16] , an advantage that is particularly important in the examination of drug actions. Finally, the bilayer system has been successfully applied in dissecting different molecular components of anaesthetic action without the need of resorting to controversial mathematical modelling [14] .
Despite these differences, human sodium channels from brain and ventricular muscle show a number of striking similarities in their response towards the anaesthetic pentobarbital. The pentobarbital block on cardiac fractional open time had an ICso of At membrane potentials more hyperpolarized than -45 mV the fractional open time (but not the single channel conductance) became dependent on membrane potential, decreasing successively with hyperpolarized potentials until the channel was totally 690 Ilmol L -1, which was not significantly different from human brain sodium channels under bilayer conditions (660 Ilmol L -1) with the two concentration-response curves nearly overlapping (Fig.1a) . In this regard the human cardiac sodium channel does not deviate from 10 other sodium channels which show variations of IC5o values of a factor of four or less [17] , in contrast to the subtype variability of other molecular targets of anaesthetics such as GABAA receptors [18] and acetylcholine receptors [19] .
The IC5o value of channel block doubled when the symmetrical 100 mmol L -1 NaCI electrolyte was changed to 500 mmol L ~1 symmetrical NaCI.
While such electrolyte dependence on anaesthetic sensitivity has not been reported for sodium channels before, it has been observed for voltage-gated (Kvtype) potassium channels [20] . At clinical concentrations of pentobarbital (88 ~mol L -1) [21] , the blocking effect on sodium channels in bi1ayers is 18% in 100 mmol L -1 NaCI and 9% in 500 mmol L -1 NaCI. Without knowledge of the neuronal networks involved in anaesthesia it is not yet possible to judge whether this block is sufficient to be of clinical importance. However, effects on sodium channel inactivation as little as 2% may be clinical relevant and give cause to myotonia [22] .
Pentobarbital caused a hyperpolarizing shift in the mid-point of the steady-state activation curves of cardiac sodium channels. This shift was significant for all three examined pentobarbital concentrations under both NaCI concentrations. A shift of similar magnitude was observed for human brain sodium channels which was not significantly different ( Fig. 1 b) .
There are studies suggesting the involvement of sodium channels in cardiac pathology in certain H. C. WaTtenberg et al. [27) . The finding of channel block by anaesthetics depending on the electrolyte composition is novel for sodium channels but not for potassium channels [20) and should be investigated further.
References conditions. Anomalous repolarization in congestive heart failure might in part be due to an increased steady-state inward sodium current [23] . Muller-Ehmsen and co-workers found [24] that there is 'an enhanced sensitivity of the failing human myocardium towards sodium-channel modulation, this may be due to an altered Na(+)-homeostasis in human heart failure.' These pathologies might be caused either by changes in factors modulating sodium channel function or by changes in sodium channel structure itself.
Because there are no modulating factors in the bilayer system, any changes in sodium channel function observed in the bilayer system would be due to changes in sodium channel structure. For obvious reasons we cannot obtain healthy human cardiac tissue. However, the basic properties of human cardiac sodium channel in the bilayer in this study are very similar to those of cardiac sodium channels from other species [25, 26] . Although we find also that the anaesthetic sensitivity of these human cardiac sodiumchannels are not different from that of human CNS sodium channels, we cannot completely rule out that human cardiac sodium channels from healthy tissue have a different anaesthetic sensitivity.
In conclusion, our results suggest that despite pharmacological and electrophysiological differences 1 Hille B. Ionic Channels of Excitable Membranes, 2nd edn. Sunderland, UK: Sinauer Assoc Inc., 1992.
